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Lunar Lander Mass Spectrometer 
R.  F. K. Herzog and W. P. Poschenrieder 
Summary 
This  r e p o r t  d e a l s  wi th  the  development of a s p u t t e r  ion source f o r  
t h e  Lunar Lander Mass Spectrometer. The new source u t i l i z e s  a Penning 
d ischarge  f o r  producing t h e  primary ions in s t ead  of t he  duoplasmatron 
which performs very  w e l l  f o r  t h e  l a rge  l abora to ry  instrument but  has h igh  
power requirements  and a s u s c e p t i b l e  hot f i l ament .  A s u i t a b l e  geometry 
and a mechanical design were determined and t h e  c h a r a c t e r i s t i c s  of t h e  
d ischarge  were s tud ied  i n  d e t a i l .  The duoplasmatron c f  t h e  l a r g e  l abor -  
a t o r y  instrument  w a s  rep laced  by the Penning source t o  produce t h e  primary 
beam. The s e n s i t i v i t y  obtained i n  t h i s  way compared very  w e l l  wi th  t h e  
s e n s i t i v i t y  obtained wi th  t h e  duoplasmatron. 
concludes t h e  f i r s t  phase of t h e  con t r ac t  and r ende r s  a f i rm base f o r  a 
success fu l  ope ra t ion  of t he  t o t a l  instrument t o  be developed i n  t h e  f o l -  
lowing phase.  
This  encouraging r e s u l t  
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INTRODUCTION 
The f i r s t  phase of t h e  development con t r ac t  of a Lunar ,ander Mass 
Spectrometer breadboard model was aimed a t  t h e  cons t ruc t ion  and eva lua t ion  
of a s u i t a b l e  co ld  cathode i o n  source .  The reasons f o r  t he  replacement of 
t h e  duoplasmatron source which opera tes  so s u c c e s s f u l l y  i n  t h e  l abora to ry  
instrument  were: (a) the  high power consumption and (b) t h e  l i m i t e d  l i f e -  
t i m e  of t h e  hot  f i l ament .  Since the  duoplasmatron i s  t h e  most e f f i c i e n t  
ion  source  f o r  gases  known so  f a r ,  t h e  ques t ion  w a s ,  whether a co ld  cathode 
ion  source would be s u f f i c i e n t  t o  f u l f i l l  t he  s e n s i t i v i t y  requirements  
encountered f o r  the  Lunar Lander Mass Spectrometer. The co ld  cathode d i s -  
charge geometry f i n a l l y  chosen is  w e l l  known a s  the  Penning Cold Cathode 
Discharge which i s  f r equen t ly  used f o r  a vacuum gauge. The idea  of u t i l i z i n g  
t h i s  kind of d i scharge  f o r  an ion  source d a t e s  back t o  Penning and Moubis [11.* 
Later ,  t he  design was improved by Lorrain [ 2 1  and s y s t e m a t i c a l l y  optimized 
by Keller [3 ,41 .  Another modi f ica t ion  of t he  b a s i c  geometry i s  descr ibed  
i n  a p a t e n t  by Gow e t  a l .  [51 . 
The d e t a i l e d  geometry which was f i n a l l y  chosen f o r  t h i s  c o n t r a c t  bea r s  
much resemblance t o  the  des ign  given by Keller. Since t h i s  des ign  has  been 
used s u c c e s s f u l l y  i n  the  p a s t ,  s u f f i c i e n t  information was a v a i l a b l e  t o  p re -  
d i c t  i t s  c a p a b i l i t y  f o r  t h e  present  use. On t h e  b a s i s  of t h e  knowledge of 
t h e  p r i n c i p a l  c h a r a c t e r i s t i c s  of t h i s  type of ion  source ,  it was obvious 
t h a t  c u r r e n t s  could be obtained q u i t e  comparable t o  those  obta ined  from t h e  
present  duoplasmatron i f  a l a r g e r  ion  e x t r a c t i o n  ho le  w e r e  used. The d i s -  
advantages of a l a r g e r  e x t r a c t i o n  ho le  a r e  t h a t  a h igher  flow of n e u t r a l  
gas i n t o  the sample chamber i s  encountered and a l a r g e r  c r o s s  s e c t i o n  of 
t h e  bombarding ion  beam on t h e  sample  occurs. However, as w i l l  be shown 
la ter ,  gas consumption i s  s t i l l  very  modest, and the h ighe r  gas flow i s  
w e l l  taken c a r e  of by t h e  l a r g e r  pumping speed i n  a lunar  a p p l i c a t i o n .  I n  
a d d i t i o n ,  any pressure  increase  around t h e  sample i s  only  due t o  the  gas 
used i n  t h e  primary ion  source,  which is of h igh  p u r i t y  and, t h e r e f o r e ,  i s  
not  expected t o  i n t e r f e r e  wi th  the  bas ic  t a s k  of t h e  instrument .  The l a r g e r  
focus and accordingly smaller c u r r e n t  dens i ty  was expected t o  cause some 
i n t e n s i t y  l o s s  i n  connect ion w i t h  our  labora tory  ins t rument ,  p a r t i c u l a r l y  
when t h e  atomic spectrum i s  viewed. Experimentally, however, a focus was 
achieved which was s m a l l  enough t o  y i e ld  p r a c t i c a l l y  t h e  same r e s u l t s  as 
obta ined  wi th  t h e  duoplasmatron. On the o the r  hand, h igh  s p a t i a l  r e s o l u t i o n  
i s  no t  one of t h e  r equ i r ed  f e a t u r e s  i n  t h i s  p r o j e c t  which a i m s  more f o r  t h e  
a n a l y s i s  of t h e  average composition of a material of i n t e r e s t .  
l i g h t ,  a somewhat wider focus seems t o  be more appropr ia te .  Summing up, 
we may s t a t e  t h a t  t h e  l a r g e r  ex t r ac t ion  ho le  i s  of no de t r imen ta l  consequence 
wi th in  t h e  planned app l i ca t ion .  
I n  t h i s  
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* 
Numbers i n  [ ]  throughout t e x t  ind ica te  r e fe rences .  
DESIGN AND DESCRIPTION OF THE PENNING SPUTTER SOURCE 
The mechanical design of t h e  Penning source w a s  mainly governed by the  
c o n t r a c t u a l  requirement,  t o  t e s t  t h e  performance of t h i s  source f i r s t  wi th  
the  l a b o r a t o r y  ana lyzer .  This necess i t a t ed  t h e  use of a base f l ange  which 
could be matched t o  t h e  top  f l ange  of the  specimen chamber and t o  t h e  e x i s t -  
ing  e i n z e l  l e n s  which i s  r e g u l a r l y  used wi th  t h e  duoplasmatron. 
A s  a second cons ide ra t ion ,  t he  use of an electromagnet  i n s t ead  of a 
permanent magnet seemed t o  be a b e t t e r  choice a t  t h i s  i n v e s t i g a t o r y  s t age .  
Pas t  experience wi th  comparable s t r u c t u r e s  has shown t h a t  s t a b l e  and optimal 
performance i s  only achieved wi th in  a l imi t ed  range of magnetic induct ion ,  
p re s su re ,  and d ischarge  cu r ren t .  Strong plasma o s c i l l a t i o n s  may occur ou t -  
s i d e  of t h i s  range and s e r i o u s l y  l i m i t  t h e  e x t r a c t i o n  of ions  and may cause 
s t rong  f l u c t u a t i o n s  i n  t h e  s i g n a l .  
F igure  1 shows a c ros s  s e c t i o n  of t h e  Penning ion  source.  The design 
i s  e s s e n t i a l l y  r o t a t i o n a l  symmetrical t o  t h e  ind ica t ed  c e n t e r  l i n e .  The 
d ischarge  chamber c o n s i s t s  of an anode cy l inde r  which i s  faced on both  ends 
by t h e  cathode p l a t e s .  I n  the  middle of t h e  chamber and suspended by a t h i n  
w i r e  i s  a f l a t  r i n g  which i s  a t  anode p o t e n t i a l .  Both cathodes are counter -  
bored i n  t h e  cen te r  and t h e  lower cathode has an  a d d i t i o n a l  ho le  through 
which t h e  ions are ex t r ac t ed .  The magnetic f i e l d  i s  generated by a p a i r  of 
c o i l s ,  and the  base f lange ,  t h e  top  p l a t e ,  and t h e  ou te r  cy l inde r  form t h e  
yoke. The inner  cy l inde r  i s  s t a i n l e s s  steel and i s  sea l ed  aga ins t  t h e  base  
and t o p  p l a t e  by v i t o n  O-rings. The anode cy l inde r  i s  aluminum and is  p re -  
c i s e l y  centered  by a se t  of two s p l i t  b ra s s  r i n g s  and twelve ceramic b a l l s .  
The b a l l s  are w e l l  sh ie lded  aga ins t  sput te red  metal and w i l l  no t  become 
contaminated. Contamination would r e s u l t  i n  an e l e c t r i c a l  breakdown s i n c e  
the  anode is  on a high p o t e n t i a l  w i th  r e spec t  t o  t h e  cathodes.  The anode 
p o t e n t i a l  i s  suppl ied  through a vacuum-tight A l i t e  feedthrough and the  gas 
i s  admit ted v i a  a s t a i n l e s s  s tee l  pipe. A l l  p a r t s  of t h e  magnetic c i r c u i t  
are machined out  of mild s tee l ;  however, a f t e r  some i n i t i a l  experiments,  t he  
cathode su r faces  had t o  be c l a d  wi th  a t h i n  l i n e r  of aluminum. This w a s  
necessary  because s p u t t e r i n g  of t h e  cathode material under the  inf luence  
of t h e  magnetic f i e l d  produced f i b e r s  of mild s tee l  which d i d  connect t h e  
anode t o  t h e  cathode. This e f f e c t  no longer  occurred a f t e r  t h e  aluminum 
l i n e r  had been i n s t a l l e d .  
N o  exac t  theory  of t h e  Penning discharge e x i s t s .  A q u a l i t a t i v e  des-  
c r i p t i o n  is  usua l ly  given i n  t h e  following way. 
from t h e  cathode by ion  o r  photon impact and e l e c t r o n s  f r eed  by e l e c t r o n  
impact i n  an e l e c t r o n - n e u t r a l  c o l l i s i o n  a t  some in te rmedia te  p o t e n t i a l  are 
confined by t h e  magnetic f i e l d .  
whi le  a l s o  o r b i t i n g  around the  a x i s  u n t i l  they  c o l l i d e  wi th  a gas atom. An 
e l e c t r o n  can only reach  the  anode by l o s s  of energy i n  c o l l i s i o n s .  I n  t h i s  
way, t h e  pa th  l eng th  and t h e  ion iza t ion  p r o b a b i l i t y  of an e l e c t r o n  are con- 
s i d e r a b l y  increased .  
E lec t rons  which are released 
The e l e c t r o n s  w i l l  o s c i l l a t e  back and f o r t h  
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Figure 1. Penning s p u t t e r  ion  source  - mechanical o u t l a y  ske tch .  
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The main d i f f i c u l t y  f o r  a more prec ise  t reatment  of  t h i s  d i scharge  
mechanism l ies  i n  t h e  space charge condi t ions .  Some space charge n e u t r a l i -  
z a t i o n  occurs  a t  h igh  pressures  ( > l p )  where the  p o s i t i v e  space charge i s  
u s u a l l y  s l i g h t l y  dominant. I n  t h i s  case,  t he  mechanism descr ibed  above 
seems t o  be a f a i r  approximation. A t  lower p re s su res ,  however, t h e  nega t ive  
space charge becomes s o  dominant t h a t  the o r i g i n a l  e l e c t r o s t a t i c  f i e l d  i s  
completely changed. Knaur [61 has  shown t h a t  i n  t h i s  range,  t h e  e l e c t r i c  
f i e l d  i n  t h e  Penning d ischarge  assumes a conf igu ra t ion  u s u a l l y  found i n  t h e  
magnetron discharge.  
The counterbores  i n  both cathodes produce an inhomogeneity i n  the  mag- 
n e t i c  f i e l d .  This  r e s u l t s  i n  an  increase  i n  the  e l e c t r o n  d e n s i t y  a long 
t h e  c e n t r a l  a x i s ,  and consequently,  i n  an equal  increase  i n  the  e x t r a c t e d  
ion  c u r r e n t .  The optimum dimensions for  t hese  counterbores  and f o r  t he  
whole geometry were determined experimental ly  by Keller [31. 
A l l  ion  sources  wi th  magnet ical ly  confined gaseous d ischarges  have 
one disadvantage i n  common: t h e  tendency t o  plasma o s c i l l a t i o n s .  The 
frequency of t h e s e  o s c i l l a t i o n s  covers a ve ry  wide range and depends on the  
geometry and t h e  t y p i c a l  e l e c t r i c  and magnetic parameters.  Because t h e  
modulation frequency of t h e  e x t r a c t e d  ion beam is  u s u a l l y  high,  i t  r a r e l y  
causes  d i r e c t  problems, b u t  ion  e x t r a c t i o n  i s  somewhat hampered and loss of 
i n t e n s i t y  i s  encountered. More ser ious  are abrupt  changes which occur a t  
random i n  t h e  t r a n s i t i o n  reg ion  between two d i f f e r e n t  modes of t he  d ischarge .  
Usual ly ,  the  d i f f e r e n t  modes are a l s o  o p t i c a l l y  d i s t ingu i shed  by a d i f f e r e n t  
d i s t r i b u t i o n  of t h e  glow wi th in  the  discharge.  This e f f e c t  i s  w e l l  known 
from a l l  gaseous d ischarges  and i s  t y p i c a l  f o r  space charge governed e f f e c t s .  
Theore t i ca l  p r e d i c t i o n  of t he  d i f f e r e n t  mode ranges i s  extremely d i f f i c u l t  
i f  no t  impossible  a t  t he  present  s t a t e  of a r t .  A f u l l  experimental  eva lua-  
t i o n  i s ,  the re fo re ,  s t i l l  indispens ib l e .  
The Power Supply 
I n  order  t o  r u n  t h e  Penning source i n  connect ion wi th  t h e  l abora to ry  
instrument ,  i t  was necessary t o  cons t ruc t  an a d d i t i o n a l  c i r c u i t r y .  The 
power source which usua l ly  suppl ies  the f i lament  cu r ren t  f o r  t h e  duoplasmatron 
w a s  used f o r  t h e  magnet c o i l s .  However, since a dc f i e l d  w a s  r equ i r ed ,  a 
f u l l  wave r e c t i f i e r  wi th  a s u f f i c i e n t l y  l a r g e  charge c a p a c i t o r  w a s  put  i n  
between. Under f u l l  load ( 6  v o l t s ,  8 amperes), t he  r i p p l e  was below 5 percent  
Compared wi th  t h e  duoplasmatron which r e q u i r e s  only  about 150 v o l t s  
b u t  0.5 amperes, the  anode supply f o r  t he  Penning source has t o  d e l i v e r  about 
1000 v o l t s .  However, t h e  cu r ren t  requirement i s  much smaller and 40 mA were 
s u f f i c i e n t .  
source f o r  t h e  planned app l i ca t ion ,  some reserve power w a s  included t o  
eva lua te  the  source a l s o  a t  higher  cur ren ts .  The vo l t age  needed comes from 
a t ransformer  followed by s i n g l e  wave r e c t i f i c a t i o n  and a charge capac i to r .  
The primary was d i r e c t l y  coupled t o  the v a r i a c  which u s u a l l y  serves t o  r e g u l a t e  
Although d ischarge  c u r r e n t s  of a few mA are enough t o  run the  
t he  duoplasmatron a r c  vo l t age .  A schematic i s  given i n  F igure  2 .  The 
whole c i r c u i t r y  was mounted on a breadboard and accommodated w i t h i n  t h e  
duoplasmatron power supply box. 
c u i t  i s  on high p o t e n t i a l  above ground. 
This w a s  necessary s i n c e  t h e  whole c i r -  
The C h a r a c t e r i s t i c s  of t h e  Penning Source 
Under f ixed  geometric cond i t ions ,  t h e  d ischarge  c u r r e n t  I i s  a func-  d t i o n  of discharge vol tage  V pressure  p and magnetic induct ion  B. d’ d’ 
Because of t h e  nega t ive  c h a r a c t e r i s t i c  which i s  t y p i c a l  f o r  s e l f - s u s t a i n e d  
gaseous d ischarges ,  the  r e l a t i o n s h i p  between I d  and ud i s  ambiguous. It i s  
necessary t o  run  the  d ischarge  wi th  a series r e s i s t o r  which i s  l a r g e  enough 
t o  compensate f o r  the  nega t ive  r e s i s t a n c e .  
achieved only i f  t h e  t o t a l  r e s i s t a n c e  i s  p o s i t i v e .  
Rs(7.5K) an a d d i t i o n a l  r e l a t i o n s h i p  between V 
V has t o  be observed, 
A s t a b l e  cond i t ion  w i l l  be  
With t h i s  s e r i e s  r e s i s t o r  
t he  supply vo l t age ,  Id, and 
S ’  
d 
Vs - Vd = R x Id S 
The magnetic induct ion  B was expressed by t h e  e x c i t a t i o n  c u r r e n t  of t he  
magnet c o i l s .  The r e l a t i o n s h i p  between i n  amps and B i n  Gauss was d e t e r -  
mined as :  
5l 
B = 160 x 
The pressure p cannot be measured d i r e c t l y  but  may be ca l cu la t ed  from the  
pressure  increase Ap i n  the  specimen chamber s ince  t h e  conduc t iv i ty  of t h e  
e x t r a c t i o n  hole  and @he pump speed of t h e  system are approximately known. 
With a conductance of 0 .7J / sec  and a pump speed of 280l?/sec, one ob ta ins :  
d 
pd = kS x 400 
The c h a r a c t e r i s t i c s  were taken i n  two d i f f e r e n t  combinations of t h e  
va r ious  parameters : 
(a) The I d V d  diagram wi th  % and p cons tan t .  
(b) 
d 
The I d B  o r  t he  equiva len t  Id% diagram wi th  p and Vs cons tan t .  d 
The measurements were obtained wi th  an X-Y recorder .  
w a s  taken d i r e c t l y ,  and t h e  d ischarge  c u r r e n t  w a s  gained from t h e  vo l t age  
drop produced by Id  ac ross  a r e s i s t o r .  
ac ross  t h e  magnet c o i l s .  
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The d ischarge  vo l t age  
& was determined by t h e  vo l t age  
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To c h a r a c t e r i s t i c s  (a) :  Figure 3 shows t y p i c a l  c h a r a c t e r i s t i c s  which 
were obtained a t  a system pressure  of 2 x lom5 which corresponds t o  a d i s -  
charge pressure pd = 8p. 
Vs.  can see tha t  a nega t ive  c h a r a c t e r i s t i c  only develops above a magnet c u r r e n t  
of 3 A  (or  above a magnetic induct ion  of 480 Gauss). The d ischarge  vo l t age  
a t  a f ixed  d ischarge  cu r ren t  drops f i r s t  a t  a r ap id  r a t e  w i th  inc reas ing  mag- 
n e t i c  f i e l d ,  bu t  does not  change very  much above 5A (800 Gauss). Ranges of 
i n s t a b i l i t y  a r e  e a s i l y  recognized from t h e  i r r e g u l a r  s e c t i o n s  of t h e  curve 
branches.  It is poss ib l e  t o  reduce the  tendency of i n s t a b i l i t i e s  by inc reas -  
ing the  s e r i e s  r e s i s t o r ;  however, a s  w i l l  be  d iscussed  l a t e r ,  ques t ions  of 
power consumption have t o  be considered i n  t h i s  contex t .  
F igure  3 were caused by a f a i l u r e  of t he  recorder  t o  l i f t  t he  pen s u f f i c i e n t l y  
dur ing  the back scan and i n d i c a t e  small h y s t e r e s i s  e f f e c t s ) .  S imi la r  diagrams 
were obtained f o r  p = 5 x 1 x 10-5, 4 x 
The curves were obta ined  by cont inuous ly  inc reas ing  
The d i f f e r e n t  curves  correspond t o  d i f f e r e n t  magnet c o i l  c u r r e n t s .  One 
(Double traces i n  
and 8 x 10-5. 
S 
To c h a r a c t e r i s t i c s  (b) :  F igure  4 gives  a t y p i c a l  example of an I IM- 
diagram. Here, t h e  magnet c o i l  cu r ren t  w a s  increased  cont inuously whi t e ps 
i s t i c s ,  which were recorded wi th  vd = cons t .  = 1000 Vol t s  an i ps as t h e  
and vd were kept  cons tan t .  
supply vol tage  va lues  vd. 
f o r  ps = 5 x 
parameter fo r  the  d i f f e r e n t  curves .  
The d i f f e r e n t  curves correspond t o  d i f f e r e n t  
I n  t h e  same way, c h a r a c t e r i s t i c s  were obta ined  
2 x 10-5, and 4 x 10-5. Figure  5 shows I IM-charac te r -  
These c h a r a c t e r i s t i c s  were f a i r l y  w e l l  r eproducib le  w i t h i n  t h e i r  coarse  
s t r u c t u r e .  Details of t h e  f i n e r  s t r u c t u r e ,  however, were found t o  depend 
somewhat on t h e  p re -h i s to ry  of t he  d ischarge .  From t h e  c h a r a c t e r i s t i c s ,  one 
can deduce t h a t  danger of i n s t a b i l i t y  i s  g r e a t e s t  a t  low pressures  and h igh  
magnetic f i e l d s .  The c h a r a c t e r i s t i c s  show t h a t  RO i n s t a b i l i t i e s  occur a t  
pressures  above ps = 1.5 x I O m 5  o r  pd = 6p, wi th in  t h e  t o t a l  range of IN, 
i . e . ,  B .  Although s t a b l e  condi t ions  are a l s o  found a t  lower p re s su re ,  t h e  
h igher  pressure a pears t o  be the  s a f e r  choice.  Gas consumption a t  pd = 6p 
i s  only 4.2 x lo-’ t o r r  k?/sec which i s  reasonably low. 
argon under atmospheric p re s su re  w i l l  l a s t  about 50 hour s ) .  The c h a r a c t e r -  
i s t i c s  a l s o  show t h a t  t h e r e  i s  l i t t l e  sense i n  inc reas ing  t h e  f i e l d  above 
800 Gauss. The d ischarge  vo l t age  and, t h e r e f o r e ,  the  power consumption f o r  
a given discharge c u r r e n t  i s  only s l i g h t l y  decreas ing  above t h i s  f i e l d .  
( A  l d  b o t t l e  of 
The ex t rac ted  c u r r e n t  does not  fol low a simple r e l a t i o n s h i p  w i t h  t h e  
I n  
d ischarge  cu r ren t .  It depends on t h e  s p e c i f i c  mode of d i scharge ,  t h e  ampli- 
tude and frequency of r f - o s c i l l a t i o n s ,  and on t h e  e x t r a c t i o n  vol tage .  
F igure  5 i s  a l s o  ind ica t ed  t h e  c u r r e n t  a t  t h e  t a r g e t  measured a t  d i f f e r e n t  
po in t s  of the c h a r a c t e r i s t i c  w i th  an  e x t r a c t i o n  vo l t age  of 10 kV. This  c u r -  
r e n t  i s  not equal  t o  the  t o t a l  e x t r a c t e d  c u r r e n t  and i s  a l s o  no t  co r rec t ed  
f o r  secondary e l e c t r o n  emission. 
The Spu t t e r  Source 
Secondary ion  s p e c t r a  were e a s i l y  obta ined  a f t e r  t h e  Penning source 
w a s  put  i n  place of t he  duoplasmatron. During the  i n i t i a l  experiments,  
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a focus of about 3 mm i n  diameter was observed. This  r a t h e r  wide focus 
caused a considerable  l o s s  i n  i n t e n s i t y  when the  atomic spectrum was 
r e g i s t e r e d .  Theore t i ca l  cons idera t ions  ind ica t ed  t h e  p o s s i b i l i t y  of a 
smal le r  focus; t h e r e f o r e ,  t h e  t a r g e t  was rep laced  by a phosphor and t h e  
e x t r a c t i o n  gap preceeding t h e  e i n z e l  l e n s  was sys t ema t i ca l ly  changed. 
F i n a l l y ,  a focus of less than 1 mm i n  diameter w a s  achieved,  and now t h e  
condi t ions  were q u i t e  comparable t o  those known from the  work wi th  the  
duoplasmatron. 
Figure 6 gives  a spectrum of the  A 1  Mg a l l o y  which has been s tud ied  
i n  d e t a i l  with t h e  duoplasmatron too .  The energy window was ad jus t ed  t o  
g ive  a molecular spectrum. 
same mater ia l  but  wi th  the  duoplasmatron (see GCA Technical Report 66-15-N) 
proves t h a t  t he  Penning s p u t t e r  source i s  capable  of d e l i v e r i n g  t h e  same 
i n t e n s i t i e s  i n  t h e  spectrum as d id  the  duoplasmatron. The same may be s a i d  
from the  atomic spectrum of F igure  7 which was obta ined  wi th  an energy 
window s e t t i n g  of 250 eV. 
A comparison wi th  s p e c t r a  obtained from t h e  
From these two examples, i t  can be concluded t h a t  t h e  performance of 
t he  Penning s p u t t e r  source i s  s i m i l a r  t o  t h a t  of the  duoplasmatron with 
any mater ia l  and a t  any energy window s e t t i n g .  
The cathodes of t h e  Penning source showed v i s i b l e  s igns  of s p u t t e r i n g .  
Sput te r ing  wi th in  the  ion  source can impose some problems as was a l r eady  
mentioned i n  an earlier paragraph. This e f f e c t  i s  not  too  s u r p r i s i n g  s i n c e  
i n  con t r a s t  t o  t h e  duoplasmatron, where arc vo l t ages  range between 40 and 
80 v o l t s ,  much higher  d ischarge  vol tages  are involved, and, thereby,  ions  
can ga in  considerable  ene rg ie s  before  they  impinge on the  cathodes.  By 
the  choice of materials wi th  a low s p u t t e r  y i e l d ,  l i k e  A l ,  t h i s  e f f e c t  can 
be kept  wi th in  reasonable  l i m i t s .  I n  t h i s  connect ion,  i t  was of i n t e r e s t  
t o  check the primary beam spectrum p a r t i c u l a r l y  wi th  regard  t o  aluminum. 
F igure  8 shows t h e  primary beam spectrum. S u r p r i s i n g l y ,  t h e  A 1  contamination 
of t he  primary beam t u r n s  out  t o  be very  small. The main contaminant i s  a t  
M-28 which i s  e i t h e r  N o r  CO and amounts t o  about 4 p a r t s  per  thousand. 
Fur ther  contaminants are H20, 02, H2, Al, Hg, H, N, 0, and some f a i n t  
i n d i c a t i o n  of hydrocarbons. The contamination wi th  A1 i s  less than  100 ppm. 
A l l  t h e s e  contaminants are judged n e g l i g i b l e  w i t h i n  t h e  con t r ac tua l  r e q u i r e -  
ments concerning t h e  d e t e c t i o n  l i m i t  of t r a c e  impur i t i e s .  I n  a d d i t i o n ,  
t h e r e  i s  some suspic ion  t h a t  p a r t  of the  peaks a t  mass M = 28 (N2?) and 
M = 32 (02) were caused by a s m a l l  a i r  l e a k  i n  t h e  Penning source.  
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CONCLUSION 
The foregoing s e c t i o n s  c l e a r l y  show t h e  f e a s i b i l i t y  of a Penning 
ion  source  f o r  t h e  product ion of the  primary beam f o r  t h e  ion  s p u t t e r  
source.  Indeed, cons ider ing  the  advantages of the  Penning source - no 
ho t  f i l amen t ,  less  power consumption and s i m p l e r  cons t ruc t ion  - one 
might almost conclude t h a t  t h e  Penning source i s  supe r io r  t o  t h e  duo- 
plasmatron. This ,  however, i s  no t  q u i t e  t r u e .  It has a l r eady  been 
mentioned t h a t  t h e  low a r c  vo l t age  i n  the duoplasmatron prevents  s e l f -  
s p u t t e r i n g  wi th in  t h e  source which can cause a problem a t  t h e  h igh  s e n s i -  
t i v i t y  requirements of t he  l abora to ry  analyzer .  I n  a d d i t i o n ,  t h e  ion iza -  
t i o n  e f f i c i e n c y  i n  the  duoplasmatron i s  c l o s e  t o  100 percent  while  on ly  
5 precent  of the  gas  g e t s  ionized i n  t h e  Penning discharge.  This means 
t h a t  about 20 t i m e s  more n e u t r a l s  than ions leave  t h e  Penning source 
through the  e x t r a c t i o n  hole .  Accordingly, t he  plasma d e n s i t y  i n  t h e  duo- 
plasmatron i s  a t  l eas t  20 t i m e s  h igher  s i n c e  t h e  working p res su re  i n  bo th  
sources  i s  about equal .  The duoplasmatron plasma dens i ty  i s  f u r t h e r  
increased  by the  s t rong  magnetic c o n s t r i c t i o n  i n  the  e x t r a c t i o n  r eg ion ;  
t h u s ,  t h e  same t o t a l  i on  cu r ren t  as  i n  our Penning source i s  e x t r a c t e d  
from an e x t r a c t i o n  ho le  of only 0 .3  mm i n  diameter.  I f  a ho le  of 2 . 8  m 
i n  d iameter ,  as used i n  the  Penning source,  were used,  a c u r r e n t  80 t i m e s  
h igher  can be expected. A cu r ren t  of t h i s  s i z e ,  however, would not r e s u l t  
i n  an equal  i nc rease  i n  instrument s e n s i t i v i t y  s i n c e  space charge e f f e c t s  
would prevent  sharp  focusing and l i m i t  t h e  maximum a t t a i n a b l e  cu r ren t  
d e n s i t y .  A sharp  focus ,  a s  r equ i r ed  in  t h e  l abora to ry  instrument ,  i s  
b e t t e r  obtained w i t h  a s m a l l  ex t r ac t ion  ho le .  
Never the less ,  the  good performance of t h e  Penning s p u t t e r  source i s  
a very  encouraging pre-condi t ion f o r  the Lunar Lander mass spectrometer .  
Power consumption of t he  source can be kept  w e l l  below 5 watts (Vd = 500 
v o l t s ,  Id = 10 mA). 
l o s t .  This  owes t o  the  f a c t  t h a t  a vol tage  drop about equal  t o  vd i s  
r equ i r ed  across  t h i s  r e s i s t o r  i n  order  t o  achieve s t a b l e  opera t ion .  Here, 
however, an e l e c t r o n i c  c i r c u i t r y  of spec ia l  design (constant  c u r r e n t  source) 
can be used and t h e  t o t a l  power requirement w i l l  only i n s i g n i f i c a n t l y  exceed 
t h e  power consumption of t h e  discharge.  
I f  a series r e s i s t o r  i s  used, another 5 wat ts  are 
I n  order  t o  save weight and space,  i t  i s  planned t o  s c a l e  down the  
momentary source by a l i n e a r  f a c t o r  of two. Since the  l a w s  of s i m i l a r i t y  
of gaseous d ischarges  are well e s t ab l i shed ,  a l l  r e s u l t s  gained with the  
source descr ibed  h e r e i n  are r e a d i l y  appl icable  t o  a smaller source ,  and 
no complicat ions are expected. 
19 
REFERENCES 
1. F. M. Penning and J .  H. Moubis, Physica 5,  1190 (1937). 
2. P. Lorra in ,  Canadian J .  of R e s .  - 25A, 338 (1947). 
3 .  R.  Kel le r ,  Helvet. Phys. Acta 3, 170 (1948). 
4 .  R. Keller,  Helvet. Phys. Acta 22, 78 (1949). 
5. J. D. Gow e t  a l . ,  U.S. Pa ten t  2,636,990 (4/28/1953). 
6. W.  Knaur, J .  of Appl. Phys. 3 3 ,  2093 (1962). 
20 
